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The invention described herein may be manufactured 
and used by or for the Government of the United States 
of America for governmental purposes without the pay- 
ment of royalties thereon or therefor. 

This invention relates generally to an improved mag- 
netic-coupled multivibrator, and more particularly to an 
improved variable frequency magnetic-coupled multi- 
vibrator. 

This application is a continuation-in-part of a co-pend- 
ing application of Stephen Paull, Serial No. 14,488, filed 
March 11, 1960, for a Variable Frequency Magnetic 
Multivibrator, and assigned to the same assignee. 

Although variable frequency magnetic-coupled multi- 
vibrator arrangements have been heretofore devised and 
successfully employed, in general, these prior art arrange- 
ments have not been found to be entirely satisfactory. 
For example, in one prior art multivibrator arrangement, 
frequency variation is obtained by changing the magni- 
tude of the supply voltage. This arrangement results in 
undesirable variations in the amplitude and the waveform 
of the multivibrator output signal. In another present- 
day arrangement, frequency change is obtained by short- 
circuiting windings on one or more serially-connected 
cores. One significant disadvantage of this arrangement 
is that the frequency of the multivibrator signal can only 
be varied in discrete steps. Still another prior art vari- 
able frequency multivibrator arrangement provides for 
the application of a variable reversible current to control 
windings individually linking each core in a push-pull 
type of multivibrator circuit. The several limitations of 
this arrangement are the relatively large magnitude of 
control current required, the non-linearity of the control 
current-frequency characteristic over a particular fre- 
quency band, and the waveform distortion. 

These and other disadvantages are overcome by the 
variable frequency magnetic-coupled multivibrator de- 
scribed and claimed in the aforesaid co-pending applica- 
tion. In one embodiment of that inventive system there 
is included a plurality of high remanence cores, an elec- 
trical energy source, a pair of conductive loops including 
windings means linking each of the cores and coupled 
across the energy source, and a frequency control circuit 
having control winding means coupled to all but one of 
the plurality of high remanence cores. Each of the con- 
ductive loops also contains a transistor switch which is 
controlled by a group of feedback windings linking said 
plurality of cores. The transistor switches and feedback 
windings are arranged to provide the necessary alterna- 
tive operation of each of the multivibrator’s conductive 
loops. The frequency control circuit contains a control 
transistor, which is connected across the control winding 
means, and a variable unidirectional voltage source that 
sets the level of conduction of the control transistor. 
The voltages induced in the control winding means in re- 
sponse to a flux change in one direction is limited by the 
frequency control circuit to the level set by the variable 
unidirectional voltage source. The degree of voltage 
limiting thus provided by the frequency control circuit 
effects the multivibrator’s frequency and allows this fre- 
quency to be controlled in a linear fashion. While per- 
formance satisfactory for many purposes is obtained from 
the aforementioned variable frequency magnetic-coupled 
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multivibrator, it has been found that improved stability 
of operation is required especially a t  the low frequency 
end of the multivibrator’s operation and when the multi- 
vibrator is required to operate under adverse conditions 

5 of extreme temperature variations and changes in bias 
voltages. 

Accordingly, it is an object of the present invention 
to provide an improved variable frequency magnetic- 
coupled multivibrator circuit in which the frequency of 

10 the output signal is continuously variable over a prede- 
termined range. 

Another object of the present invention is to  provide 
a new and improved variable frequency magnetic-coupled 
multivibrator having an output signal free of random 

15 variations of period during each half-cycle of operation. 
A further object of the present invention is to provide 

an improved variable frequency magnetic-coupled multi- 
vibrator having electronic on-off gating. 

A still further object of this invention is to provide an 
20 improved magnetic-coupled feedback circuit for a vari- 

able frequency magnetic-coupled multivibrator. 
Another object of the present invention is to provide a 

variable frequency magnetic-coupled multivibrator with 
improved operating stability over a wide range of tem- 

Still another object of this invention is to provide an 
improved variable frequency magnetic multivibrator hav- 
ing a temperature compensated full wave frequency con- 
trol circuit for providing stable operation over a wide 

other objects are obtained by the provisions of a plu- 
rality of high remanence cores, a pair of circuit means 
including winding means linking said plurality of cores 

35 for effecting flux changes therein in opposite directions, 
output means responsive to the flux change in said cores, 
an electrical energy source connected across said pair of 
circuit means, and a variable frequency control circuit 
having full wave voltage limiting means coupled to  all 

40 but one of said plurality of high remanence cores for lim- 
iting the magnitude of the flux change of said coupled 
cores. Each of the pair of circuit means contains a 
transistor switch which is controlled to render said pair 
of circuit means alternatively operative. The variable 

45 frequency control circuit also includes a variable unidi- 
rectional voltage supply which establishes the level of the 
limiting action obtained from the full wave voltage lim- 
iting means and correspondingly controls the multivibra- 
tor’s frequency. 

A more complete appreciation of the invention and 
50 many of the attendant advantages thereof will be readily 

apparent as the same becomes better understood by ref- 
erence to the following detailed description when con- 
sidered in connection with the accompanying drawing 

FIG. 1 is a graphic illustration of the operational 
phases of the present invention; and 

FIG. 2 is a schematic view of an embodiment of the 
present invention. 

In FIG. 1 there is graphically illustrated a substantially 
6o rectangular hysteresis loop which is exhibited by a mag- 

netic material of the type generally used in constructing 
magnetic cores. Materials of this nature may generally 
be classified as square loop materials. The magnetizing 

65 force H, in ampere turns per unit length, that is applied 
to a core of magnetic material by a current carrying 
winding is shown on the abscissa axis of the graph of 
this figure. The resulting magnetic flux density B, in 
webers per square unit of area, established within the 
magnetic core by this magnetizing force is shown on 
the ordinate axis of the graph in FIG. 1. The “square- 
ness” of the hysteresis loop is illustrated by its flat top, 

25 peratures and variations in bias voltages. 

] 
30 range of ambient temperature variations. .’ , .A 

According to the present invention the foregoing and‘. 

55 wherein: 
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the essentially vertical sides of the loop, and the ap- square wave signal to the output tcrminals 29. Output 
proximate equality of the induction difference between signals may be obtained from only one core or from 
the two remanent states to the induction difference be- other portions of the described circuit, as desired. How- 
tween the points of maximum applied magnetizing force. ever, the above described output circuit has been found 

If the magnetic core has previously been magnetized 5 to produce exceptionally good results. 
and a positive magnetizing force, H, of sufficient strength As is well known in the art, in the operation of a PNP 
is applied thereto, the flux density within the core will type transistor as an on-off switching element the col- 
reach a saturation level in one direction, which will be lector-emitter impedance of the transistor is very high 
arbitrarily called the positive direction and is shown at when both the collector and emitter potentials are equal 
+Bs in FIG. 1. Upon the removal of this magnetizing 10 to, or more negative than, the base voltage. However, 
force from the core, the flux retained in the core estab- as soon as the base becomes slightly negative with respect 
lishcs a remanent flux density in the core material which to the emitter and positive with respect to the collector 
is shown at +BR on the graph. A negative magnetizing of the transistor, the collector to emitter impedance drops 
force of sufficient magnitude when applied to the mag- to a low value, and the transistor will start to conduct. 
netic core will drive the core into saturation in the op- 15 The uncontrolled core 11 is also linked by base wind- 
posite direction, which will be called the negative direc- ings 22 and 23, each of which has one end thereof con- 
tion, and is shown at -Bs on the graph. After the re- nected to the junction 32 of serially connected resistors 
moval of this magnetizing force, the remanent flux den- 31 and 33. The other end of base winding 22 is con- 
sity established in the core material is shown at -B, in nected to the base of the transistor 16 through a current 
FIG. 1. Magnetic elements constructed with a material 20 limiting resistor 24, and the other end of base winding 23 
which exhibits these square loop characteristics and is connected to the base of transistor 19 through a cur- 
shaped, for example, in the form of simple toroids may rent limiting resistor 25. The base windings 22 and 
be employed as the high remanence cores of this h e n -  23 are poled the same as drive windings 18 and 21, respec- 
tion, as illustrated in FIG. 2.  tively, so that there will be provided a positive base driv- 

The magnetizing force, H, that drives a magnetic ma- 25 ing voltage to one switching transistor and a negative 
terial about its hysteresis loop is generally produced by base driving voltage to the other transistor during each 
a winding which is coupled to or encircles a portion of half cycle of multivibrator’s operation thereby assuring 
the magnetic material. By standard notation, a positive that one of the switching transistors of conductive loops 
potential applied to the dotted end of a winding coupled 14 and 15 will be on and the cther switching transistor 
to a core of magnetic material produces a positive mag- 30 will be off for each half cycle of operation. 
netizing force which, if of sufficient magnitude, will pro- An electronic gate is provided for initiating and stop- 
vide a flux alignment within the magnetic core material ping the multivibrator’s operation. This gate includes a 
in the positive direction. The flux change within the switching element 34, such as for example a PNP tran- 
magnetic material produced by this magnetizing force will sistor, a positive bias potential supply 30, bias resistors 
induce a voltage in the other windings of the magnetic 35 31 and 33 serially connected between the positive termi- 
material so that the dotted ends of these windings are nal of supply 30 and the emitter electrode of switch 34, 
negative with respect to the nondotted ends thereof. In a source of negative potential, such as the bias supply 13 
terms of current, the application of current to the dotted connected to the connector electrode of switch 34, and 
end of a core \finding produces a magnetizing force a gate control voltage supply 36 connected to the base 
which switches the core. The resulting change of flux 40 electrode of the switch 34 through a base drive resistor 
in the core induces a voltage in all the windings of the 35. A rectangular gating waveform (not shown) hav- 
core in a direction which tends to drive a current out ing positive and negative portions is applied from the 
of the dotted ends of these windings. gate control supply 36 to control the conduction state of 

Referring now to FIG. 2 wherein a specific embodi- the transistor 34. The positive portion of the gating 
ment of the improved variable frequency multivibrator 45 waveform maintains the transistor 34 in the off or high 
according to the present invention is shown as including emitter-collector impedance state. As the bias return for 
an uncontrolled toroidal core 11 and a controlled toroidal base windings 22 and 23 is connected to the junction 32 
core 12, both of which are formed from a magnetic ma- between the resistors 31 and 33, thc positive potential of 
terial that exhibits a substantially square loop hysteresis battery 30 maintains both the switching transistors 16 and 
characteristic. In addition, there is included a unidirec- 60 19 in their off state. However, when the gating wave- 
tional electrical energy source, such as the battery 13, form becomes sufficiently negative, the transistor 34 is 
and a pair of conductive loops or paths, 14 and 15, turned on which allows the junction 32 between resistor 
coupled across the battery 13. The inside diameters of 31 and 33 to go negative and one of the switching tran- 
the toroids 11 and 12 are preferably of identical size, sistors, 16 or 19, will begin to conduct. 
although the cross-sectional areas thereof generally are 65 Control of the multivibrator’s frequency is accom- 
designed, for reasons more fully explained below, so that plished by the frequency control circuit 40 which includes 
core 12 is larger than core 11. Conductive loop 14 in- temperature compensation means and a full wave voltage 
cludes a switching element 16 and serially connected limiter that is controlled by the level of a voltage that is 
drive windings 17 and 18 individually linking the cores applied to input terminals 50, 51 by a variable control 
12 and 11, respectively. The conductive loop 15 consists 80 voltage source 54 and the effect produced by the tem- 
of a switching element 19 and serially connected drive perature compensation means. The full wave voltage 
windings 20 and 21 individually linking the magnetic limiter consists of serially connected identical control 
cores 12 and 11, respectively. windings 41, 42 and control switching transistors 43, 44. 

The drive windings 17, 18 of conductive loop 14 and The windings 41, 42 are coupled to the controlled core 
the drive windings 20, 21 of conductive loop 15 are poled 65 12 to electrically form a single center tapped winding on 
to produce flux changes in opposite directions in each this core. The collectors of the transistors 43, 44 are 
of the cores 11 and 12. Switching elements 16 and 19, joined together and to the center tap junction of the 
such as for example PNP transistors, are used to perform serially connected windings 41, 42. The emitter elec- 
a switching function and to keep each of the conductive trode of the control transistor 44 is connected to the 
loops alternatively operative, although it is to be under- 70 dotted end of control winding 42 and ths emitter of con- 
stood that electron tubes can also be employed for this trol transistor 43 is connected to the nondotted end of 
purpose. An output winding 28, which may either con- control winding 41. The base electrodes of the tran- 
sist of a scries connected winding individually linking sistors 43, 44 are both connected to the input terminal 51. 
ench of the cores, or a single winding common to both The temperature compensation means consists of a 
cores, as shown, is provided to couple the generated 75 bank of thermal elements 47, a negative fixed bias sup- 
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ply 46 connccted to one side of the thermal elements, duces a magnetizing force in core 12 which opposes the 
a current limiting resistor 45 connected to the other side magnetizing force produced by the drive winding 20. 
of the thermal elements and a positive bias supply 52 The frequency control circuit 40 coupled to core 12 
connected to the other end of resistor 45. The fixed limits the flux change in this core and assures that the 
negative bias supply 46 may be a battery, as illustrated 5 value of the control winding induced voltage, e,,+during 
in FIG. 2, or may be obtained from a potential drop each half cycle of oDeration increases until it is eciual to 
across a resistor &sed by a current flowing therethrough. 
The thermal clenicnts 47 are of the type that exhibit a 
negative tenipcraturc coeficient of resistance such as, for 
example, thermistors or solid state germanium or silicon 
diodes. Alternatively the thermal elements may be a net- 
work of thermistors or a network of resistors and diodes 
which are selected to produce the required compensating 
bias for changing temperatures. The temperature coni- 
pensation means is located in the frequency control cir- 
cuit 40 by having the positive end of the fixed bias sup- 
ply 46 connected to the input t-rminal 56) and the junc- 
tion of the resistor 45 and thermal bank 47 connected 
to the joined collectors of control transistors 43, 44. 

The inultivibrator may be constructed with a common 
return line 53 which is illustrated as connecting the posi- 
tive terminal of bias supply 13, the negative terminal of 
bins supply 30, the emitter electrodes of the transistors 
16, 19 and the input terminal 50. A terminal of the 
other supplies illustrated in this figure may also be con- 
nected to the common return line 53, as required. The 
connection of the COliimOn return line to the terminal 50 
may be omitted if it is desired that this terminal be free 
floating. Furthermore, the common return line may 
readily be grounded as is apparent to those skilled in the 
art. 

The following exalanntion of the multivibrator’s op- 
eration assumes that the inultivibrator is operating at the 
designed standard temperature and therefore, the effect of 
the temperature compensation means on the niultivibra- 
tor’s operation is inconsequential. The manner of op- 
eration and the eXect of the temperature compensation 
means on the freqmncy of the mdtivibrator will be more 
fully explained below. 

In operation, the positive portion of the rectangular 
waveform applied to the gating transistor 34 from the 
gate control voltagc stipply 36 maintains the multivibra- 
tor in the off state. Wheil the negative portion of the 
rectangular waveform is applied to the base of the tran- 
sistor 34, the transistor conducts and the junction point 
32 between the resistors 31 and 33 goes negative. The 
negative potential at 32 is applied to the base windings 
22, 23 and provides a negative bias to the base electrodes 
of the switching transistors 16 and 19. Depending upon 
the unbalance of the conductive loops 14 and 15, one of 
the switching transistors in these loops will be gated on 
for the first half cycle of the multivibrator’s operation 
and, subsequently, the other switching transistor will be 
gated on for the second half cycle of operation. 

Assuming that for the first half cycle of operation 
transistor 19 conducts and that both cores are initially 
at the positive remanent point, +B,, the application of 
a negative voltage to drive windings 20 and 21 produces 
a negative magnetizing force and a corresponding flux 
change in the cores 11 and 12. The changing flux in 
the core 11 induces a negative voltage at the dotted end 
of the bose windings 22, 23 which maintains the tran- 
sistor switch 19 in the 011 state and the transistor switch 
16 in the OR state. 

A voltage, e,, is also induced across each of the con- 
trol windings 41, 42 of the core 12 such that the non- 
dotted ends of these windings are positive with respect 
to the dotted ends thereof. When the magnitude of the 
indoced voltase. cc, reaches a value so that the base elec- 
trode of control transistor 43 is negative with respect to 
the emitter electrode and positive with respect to the col- 
lector cleotrocle, Le., the emitter junction becomes for- 
ward biased, the control transistor 43 conducts and cur- 
rent fl0v.s in thc winding 41. This flow of current pro- 

the magnitude of the voltage, E,, that is appliedto the 
base-collector electrodes of the control transistors 43, 44. 
Therefore, the \ d u e  of the resultant magnetizing force 

10 which drives the core 12 around its hysteresis loop is 
determined by the algebraic sum of the drive winding 
produced magnetizing force and the magnetizing force 
produced by the current flow in the control windings. 
As the current flow in the control windings is regulated 

15 or controlled by the magnitude of the voltage E, it is 
readily seen that variations in the magnitude of the input 
control voltage, which sets the value of the voltage, E,, 
will vary the flux change in this core 12. The cross- 
sectional area of core 12, the number of turns of the 

20 drive and control windings, the value of the fixed bias 
supply 13 and the input control voltage 54 determines 
the frequency of the multivibrator according to the rela- 
tionship hereinafter noted. 

The windings of core 12 and cross-sectional area there- 
25 of should be selected so that the maximum applied mag- 

netizing force, Le., when E, is a maximum value, will 
be insufficient to drive the core 12 to the flux saturation 
region in the negative direction, -Bs. Therefore, the 
flux change of core 12 will essentially be about the posi- 

30 tive saturation region and along the linear vertical sides 
of the hysteresis loop. This insures a greater stability 
of operation of the multivibrator and allows the multi- 
vibrator to operate over a greater range of frequencies. 

Control over the multivibrator frequency is accom- 
35 plished by the frequency control circuit’s effect over the 

voltages developed by the drive windings of the controlled 
and uncontrolled cores. This effect is accomplished by 
the transformer action between the windings of the con- 
trolled cores. 

The voltage e2 developed across the drive winding 20 
is related to the control winding induced voltage e,  by 
the transformer action of core 12 so that 

e, -e2  

no n2 

40 

-_- 
45 where 12, is the number of turns of either winding 41 or 

42, and n2 is the number of turns of windings 20. The 
full wave voltage limiter thus insures that the voltage e,  
will equal E, for each half cycle of operation and that 

5o the voltage e2 across the drive winding of core 12 will be 
equal to  

Assuming that the voltage drop across the conducting 
55 transistor 19 is negligible, the voltage el developed across 

drive winding 21 of core 11 is thus equal to  ( E - e z ) ,  
where E is the value of the bias supply 13. As the full 
wave limiting circuit limits the value of ea to 

60 n2 -E, n, 
the value of the input control voltage E, determines the 
value of el the voltage that is developed across winding 
21 and thus determines the magnitude of the negative 

The negative magnetizing force produced by the wind- 
ing 21 will, after a predetermined period of time, drive 
the core 1% into the negative saturation region which ef- 
fectively reduces the negative voltage induced in wind- 

70 ing 23 to zero and biases the transistor 19 off. This ac- 
tion removes the negative magnetizing force produced by 
the windings 20, 21 of the conductive loop 15 from both 
the cores 11 and 12. As core 12 is still switching when 
the negative magnetizing force is removed therefrom, 

75 the flux density of this core is at some value between the 

65 magnetizing force and the flux change in core 11. 
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positive and negative remanence points. This value de- 
pends upon the level of the voltage E, and other fixed 
values such as the value of the fixed supply 13, the 
hysteresis loop characteristics of the core and the num- 
ber of turns of the windings on the cores. However, as 
is well known in the art, upon the removal of the mag- 
netizing force from core 11, this core will relax to the 
negative remanence state -B, thereby inducing a flyback 
voltage in all the windings of this core. This flyback 
voltage appears as a negative voltage at the nondotted 
end of windings of core 11 with respect to the dotted 
ends of these windings which, with the negative bias at 
point 32, biases the transistor 16 on for the second half 
cycle of operation. 

In the same manner above described, current now 
flows in the conductive loop 14 and produces a positive 
magnetizing force and a corresponding change of flux in 
both the cores 11 and 12. The changing flux in core 
11 induces a negative voltage at the nondotted end of 
the base winding 22 which maintains the transistor 16 in 
the on state for this half cycle of operation. The posi- 
tive magnetizing force in core 12 induces a positive volt- 
age at the dotted end with respect to the nondotted end 
of the core’s winding and a negative voltage at the non- 
dotted end with respect to the dotted end of these wind- 
ings. 

Limiting action in this half cycle is again determined 
by the magnitude of the base to collector voltage, E,, 
but in this half cycle it is the control transistor 44, which 
is turned on to provide a path for current flow in the 
control winding 42. Again, the voltage el which is now 
developed across the drive winding 18 is equal to 
(E--e2) ,  and the voltage, e2, developed across drive wind- 
ing 17 is by the transformer action of core 12 equal to 

The residual flux density of core 12 acts as a magnetic 
bias which aids to drive this core into positive satura- 
tion ahead of core 11. However, as the base driving 
windings 22 and 23 are only connected to core 11, the 
transistor switch 16 is maintained on until core 11 reaches 
the positive saturation region +B,. When the flux of 
core 11 does saturate the voltage developed across wind- 
ing 22 drops to zero and both the cores 11 and 12 relax 
back to the positive remanent state +BR. In so doing 
the flyback voltage developed in the windings of core 
11 turns the transistor 19 on, and the next half cycle 
of operation occurs in an identical fashion to  the first 
half cycle of operation. 

The manner in which the magnitude of the input con- 
trol voltage varies the frequency of the multivibrator can 
be understood from the following relationships. The 
frequency F of the multivibrator is equal to  1/T,  where 
T is the period in seconds. From the relationship 

a41 el = n1- 
at 

it is seen that for each half cycle of operation 
m 

The period of each half cycle 
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where nl is the number of turns of windings 18 or 21; 
el is the voltage developed across windings 18 or 21; and 
A@l is the total change of the flux density between 
-BR and +BR divided by the cross-sectional area of 
the core 11. That is 

where All is the cross sectional area of the core 11, 75 

and  AB^ is the induction difference between the two 
remanent states of core 11 which is approximately equal 
to twice the maximum induction difference between the 
two saturation regions of this core. 

The voltage el is determined by the value of (E-e2 ) ,  
and as E is a fixed value, variations in e2 will correspond- 
ly change the value of el and the period (or frequency) 
or the multivibrator. As previously explained, the volt- 
age ea is equal to 

and since both n2 and n, are fixed values, e2 is dependent 
upon the instantaneous magnitude of the control voltage 
Ec. Therefore, the voltage el is equal to  

( E - ~ E ~ )  

and the frequency of the multivibrator is determined by 
the relationship: 

nz 

2n1Ah 

E---E, 
F = A  

Since all the elements, except E,, of the above equation 
are normally fixed, it is readily seen that linear variations 
in Ec correspondingly varies the frequency of the multi- 
vibrator. It is also noted that the multivibrator frequency 
is determined entirely by the flux reversal in core 11. The 
function of core 12 is to control the voltage that is applied 
across the drive windings of the core 11. 

The full wave voltage limiter of the frequency control 
circuit 40 eliminates the tendency of the multivibrator to 
operate at undesirable high frequency modes. To assure 
that this circuit operates consistently for each half cycle 
of operation it is necessary that the core 12 reaches 
positive saturation during the second half cycle of opera- 
tion so that the starting point for the first half cycle 
is always from the positive remanent point. A resistor 
may be interposed between the nondotted end of wind- 
ing 41 and the emitter of the control transistor 43 to ac- 
complish this type of operation. This resistor will pro- 
vide an unbalance to the full wave limiter such that e, 
is slightly greater than Ec during the second half cycle 
which in turn will provide a slightly greater driving volt- 
age, e2, to the drive windings and therefore a slightly 
greater magnetizing force in the core 12. 

The temperature compensation circuit operates to 
change the magnitude of the output voltage obtained 
from the variable control voltage source as it is applied 
to the base-collector electrodes of the control transistors 
43, 44 with corresponding changes in ambient tempera- 
ture. The multivibrator without temperature compensa- 
tion operates such that as the ambient temperature in- 
creases the multivibrator frequency tends to increase, and 
correspondingly, a decrease in the ambient temperature 
decreases the multivibrator’s frequency. This change in 
the multivibrator’s operating frequency is due to  changes 
in the characteristics of the circuit elements as the am- 
bient temperature changes. 

At the standard or designed temperature, the temper- 
ature compensation means is designed so that current 
flow through the bank of thermal elements 47 produces a 
voltage drop in opposition to the applied variable con- 
trol voltage. The amount of current flow through these 
elements is regulated by the value of the voltage sources 
of the temperature compensation means and the value of 
the current limiting resistor 45. The potential drop pro- 
duced by the current flow through the thermal elements 
is offset by the fixed negative bias supply 46 which is 
selected to  provide a potential equal and opposite to the 
potential drop across the thermal elements 47 at standard 
or designed temperatures. As the potential difference 
due to the temperature compensation circuit between ter- 
minal 50 and the junction of the collector electrodes of 
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the transistors 43, 44 is zero at  this normal room temper- perature compensation m interposed between said 
ature, the compensation circuit does not effect the oper- selectively variable unidirectional signal source and said 
ating frequency of the multivibrator since it does not pair of Control transistors. 
effect the value of the input variable control voltage 54 4. A mwltivibrator accordbing to claim 2 including gat- 
that is applied to the base-collector circuit of the con- 5 ing means interposed between the ends of mid first and 
trol transistors. second base windings and said one side ob said energy 

As the ambient temperature decreases below the value source, and temperature compensation means interposed 
of the standard or designed temperature, the fixed bias between said pair d control transistors and mid variable 
46 remains essentially constant, but the potential drop unidirectional signal source. 
across the thermal elements 47 increases due to  their 10 5. A multivibrator comprising a pi& d high r e  
negative temperature coefficient of resistance. A net PO- manence cores of a toroidal ring configuration, a uni- 
tential drop is thus provided in series with and opposing directional electrical energy source, first and second 
the input control voltage which tends to decrease the flux changing windings wound in opposite rotational sease 
magnitude of the control voltage that is applied with r m m t  to each other on each of said pair of cores, 
collector-base electrodes of the control transistors 15 first and second s l tohing means, said first flux changing 
thus tending to increase the frequency of the multivi- windings and said first switahing means b h g  serially con- 
brator. The compensation circuit elements are selected nected to form a first lolop a c m  said energy soum, mid 
so that the increase in the multivibrator's frequency is second flux changing windings and said m n d  switching 
equal to and thus opposes the tendency of the multivi- means being serially cannected to form a second loop 
hrator frequency to decrease with a drop in temperature. 20 across said energy source, third and fourth windings 

In a like manner, as the ambient temperature increases wound in the opposite rotational Semse with respect to 
above the normal room temperature, the potential drop each other on one of said pair of cores, first circuit means 
across thermal elements 47 decreases. The negative fixed serially connecting said third winding between said first 
bias 46 in conjunction with this decreased potential drop switching means and said electrical energy source, sec- 
across the thermal elements 47 provides a net potential 25 ond circuit means serially connecting said fourth winding 
drop which is in series with and aiding the input control between said second switching means and sbid eledcal 
voltage. This aiding voltage tends to  decrease the fre- energy source whereby an alternate mode d operation 
quency of the multivibrator and thus opposes the ten- is obtained from said first and second switching means, 
dency of the multivibrator frequency to increase with an output means responsive to changes of flux within said 
increase in the ambient temperature. 30 pair of cores, and full wave frequency cmtrol means 

The above described circuit is intended merely as an coupled to the other of said pair of oores for limiting 
illustrative embodiment of the invention. Numerous the rate d flux change in either direction in said pair of 
other advantages, applications, and modifications of the cores. 
invention will be apparent to those skilled in the art and 6. A multivibratolr according to claim 5, wherein said 
are intended to be included within the scope of this in- 35 full wave frequency control means includes center tapped 
vention. For example, PNP transistors have been illus- winding means linking said other oore, a pair of si-1 
trated in the description, but it is obvious that NPM translating means connected to said center tapped wind- 
transistors may be substituted to produce the same results ing means, and a variable magnitude direct current volt- 
with only minor modifications in the described circuit. age source connected to said pair of signal translating 

What is claimed is: 40 means whereby the magnitude ob the voltage induced in 
1. A multivibrator comprising first and second high said center tapped winding means due to flux changes in 

remanence cores of a toroidal ring configuration, a uni- either direction of said other core is limited to  the mag- 
directional energy source, first and second flux changing nitude of the direct voltage source. 
windings wound in opposite rotational sense with respect 7. A multivibrator according to claim 6 wherein said 
to each other on both of said cores, first and second 45 frequency control means further includes temperature 
transistor switching means, said first flux changing wind- compensation means interposed between said pair of 
ings and said first transistor switching means being seri- signal translating means and said variable magnitude 
ally connected to form a first loop across said energy direct current voltage source. 
source, said second flux changing windings and said sec- 8. A multivibrator comprising first and second Mgh 
ond transistor switching means being serially connected to 50 remanence tomidal cores, first circuit meam linking said 
form a second loop across said energy source, a first base cores and being operative to  effect a flux change in said 
winding wound on said first core in the same rotational cares in one direction, second drcuit means linking said 
sense as said first flux changing windings, a second base wres and being operative to effect a flux change in said 
winding wound on said first core in a rotational sense cores in the opposite direction, electrical energy supply 
opposite to that of said first base winding, first impedance 55 mean5 coupled across said first and second circuit means, 
means, first circuit means serially connecting said first switching means individual to and interposed in each of 
base winding and said first impedance means between said first and second circuit means, third circuit means CO- 
the base electrode of said first transistor switching means operating with said first core for rendering each of said 
and to said energy source, second impedance means, sec- sdtching means alternately operative, output means re- 
ond circuit means serially connecting said second base 60 sponsive to the flux changes in said cores, contra1 wind- 
winding and said second impedance means between the ing means linking the second core, a source of selectively 
base electrode of said second transistor switching means variable unidirectional potential, and a pair of signal 
and t o  said energy source, output means linking said translating means connected between mid control wind- 
cores, and full wave frequency control means coupled ing means and said variable potential source for clamp- 
to said second core for limiting the rate of flux change 65 ing the voltage induced in said control winding means in 
in either direction in said second core. response to a flux ohange in either dCimction to a level 

2. A multivibrator according to  claim 1 wherein said determined by the instantaneous magnitude of said varia- 
full wave frequency control means includes a pair of con- ble unidirectional potential source. 
trol transistors, first and second control winding means 9. A multivibrator according to claim 8 wherein said 
linking said second core and being connected across the 70 third oircuiit means includes a first winding wound on 
emitter and collector electrodes of said pair of control said first core in one rotational sense, a second *ding 
transistors, and a source of a selectively variable unidirec- wound on said first core in the o p p i t e  rotational .%ease, 
tional elecb5cal signals connected to the base and collec- and a pair of impedences, each of which individually con- 
tor electrodes of said pair of control tnansisbrs. nects one lof said first and second windings to one of 

3. A multivibrator according to claim 2 including ten-  75 said switching means. 
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10. A multivibrator according to claim 8 including 
tempelratwe compensation means interposed between said 
source of selectively variable unideirectional potential and 
said pair of signal translating means. 

11. A multivibrator comprising a plurality of magnetic 
dements each of which exhibits a substantially squarc 
loop hysteresis characteristic, a pair of aircuit means link- 
ing said plurality of magnetic elements for effecting flux 
changes therein in opposite directions, switching means 
interposed in each of said pair of circuit means for render- 
ing each of said pair of circuit means alternately opera- 
tive, means cooperating with at least one of said magnetic 
elements for effecting an alternate mode ob operation of 
said switching means, output means responsive to the 
flux changes in said magnetic elements, a variable uni- 
directional electrical energy source, and full wave voltage 
limiting means coupled to at least one of the other of 
said magnetic elements and controlled by said variable 
unidirectional electrical energy source for limiting the 
magnitude of the flux change in either direction in the 
coupled magnetic elements correlative to the magnitude of 
the unidirectional electrical energy source. 

12. A multivibrator according to claim 11 including 
temperature compensation means interposed between said 
variable midirectional electrical energy source and said 
full wave voltage limiting means. 

13. A multivibrator according to claim 12 further in- 
cluding gating means coupled to said cooperating means 
for initiating and stopping the operation of said rnultivi- 
brator. 

14. A multivibrator comprising a pair of high rema- 
nence toroidal cores, first circuit means linking said pair 
of cores and being operative for effecting a flux change 
in said pair of cores in one direction, second circuit means 
linking said pair of cores and being operative for effect- 
ing a flux change in said pair of cores in the opposite di- 
rection, switching means interposed in said first and sec- 
ond circuit means for rendering said first and second cir- 
cuit means alternately operative, third circuit means link- 
ing one of said pair of cores for rendering said switching 
means alternately on and off, output means responsive to 
the flux changes in said pair of cores, center tapped con- 
trol winding means wound on the other of said pair of 
cores, a variable unidirectional potential energy source, 
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and a pair of control elements intercoupling said center 
tapped control winding and said variable energy source 
for establishing the rate of flux change in either direction 
in the other of said pair of cores correlative to the mag- 
nitude of said variable potential energy source. 

15. A multivibrator according to claim 14 including 
temperature compensation means interposed between said 
variable unidirectional potential energy source and said 
pair of control elements. 

16. A multivibrator comprising a controlled magnetic 
element and an uncontrolled magnetic element, a pair of 
circuit means linking said controlled and uncontrolled 
magnetic elements for producing flux changes in opposite 
directions within said magnetic elements, switching means 
interposed in each of said pair of circuit means, means 
cooperating with said uncontrolled element for effecting 
an alternate mode of operation of said switching means, 
and variable controlled voltage limiting means associated 
with said controlled magnetic element for setting the de- 
gree of flux change in both directions of said controlled 
magnetic element whereby the frequency of said multi- 
vibrator is variably controlled. 
17. A multivibrator comprising controlled magnetic 

means and uncontrolled magnetic means, a pair of circuit 
means linking said controlled and uncontrolled magnetic 
means for effecting flux changes in opposite directions 
within said magnetic means, means associated with the 
flux change of said uncontrolled magnetic means for ef- 
fecting an alternate mode of operation of said pair of 
circuit means, output means responsive to changes of flux 
within said magnetic means, and variable frequency con- 
trol means associated with said controlled magnetic means 
for limiting the magnitude of flux change in both direc- 
tions in said controlled magnetic means. 
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